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Abstract 
The objective of this work is to improve the flux pinning performance of bulk MgB2 superconductors by dispersing nanometer-sized 
MgB4 particles. The high quality MgB4 material was produced, and the MgO rest in the powder was removed by HNO3 (1M) 
leaching. Several bulk polycrystalline samples were fabricated by means of the solid state reaction method with compositions 
MgB2 + x wt% of MgB4 (x=0, 2, 5, and 10) at 775oC in pure argon atmosphere. X-ray diffraction indicated single phase and 
homogenous MgB2 bulks when MgB4 content was below 5wt%. The superconducting transitions were sharp at low MgB4 
concentrations. The critical current density, Jc, depend on the MgB4 content in the MgB2 composite. The MgB2 sample with 2wt% of 
MgB4 processed at 775oC for 3h showed the critical current density of 300 kA cm-2 at 20 K in self field.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the ISS 2014 Program Committee.  
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1. Introduction 
     For industrial applications good quality bulk MgB2 with high Tc and high critical current density is desired. Bulk 
MgB2 materials can be produced by both ex-situ and in-situ routes. The in-situ route is very useful for the production of 
tapes and wires for various engineering applications, since with this method the MgB2 grain coercivity is stronger, grain 
boundary pinning is enhanced, and artificial pinning centres can be introduced. The main problem of this process is the 
low density of the material, which is about half of the theoretical value. This is presumably due to molten Mg, which 
starts to diffuse at around 650oC and causes porosity. To overcome this problem, a variety of high pressure techniques 
have been employed to produce highly dense MgB2 material [1-3]. Without external high pressure, densification is also 
possible by means of the reactive Mg-liquid infiltration process [4]. Recently, high trapped field values were reported in 
a material prepared by a simple processing route which is more suitable for mass production of bulk MgB2 materials [5, 
6]. The authors simply controlled only the processing temperature and time. Eventually they found that the temperature 
around 775oC is optimum for producing a material with a high critical current density. At a higher temperature, around 
850oC, MgB4 forms, which leads to degradation of critical current density. It was also clarified that an excessive 
formation of MgB4 in the MgB2 bulk leads to a degradation of the superconducting transition temperature and critical 
current density. On the other hand, several researchers recently successfully prepared good quality MgB2 materials via 
reaction of MgB4 and Mg [7, 8]. X-ray diffraction and scanning electron microscopy showed that the samples were 
single-phase with the ratio of Mg and B close to 1: 2. The sintering temperature again plays a crucial role in increasing 
the critical current density of the MgB2 material. The authors concluded that a heat treatment is essential for 
optimization of the weight fraction in the MgB2 material [8]. 
   In the present work, we use the MgB4 as a flux pinning medium, which has not been employed up to date. We made 
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several MgB2 bulks with various contents of MgB4: 0,  2, 5, and 10wt%, sintered them for 3h at 775oC in Ar atmosphere, 
and characterized them with X-ray diffraction and magnetic measurements at 25K. The magnetization results showed 
that the critical current density increased or decreased in dependence on a lower or higher content of MgB4 in the MgB2 
bulk. 
 
2. Experimental 
First, MgB4 materials were produced from high-purity commercial powders of Mg metal (99.9% purity, 200 meshes) 
and amorphous B powder (99% purity, 300 meshes). The powder was mixed in a nominal ratio Mg: B= 1: 4.  Three 
grams of the starting powder were weighted in a glove box and thoroughly ground there in argon atmosphere. The 
powder mixture was then pressed into pellets 20 mm in diameter and 7mm thick using a uniaxial press. The 
consolidated pellets were then wrapped in tantalum foils and sintered in a tube furnace at 1050oC for 2h in argon 
atmosphere. To remove MgO, the MgB4 pellets were thoroughly ground into powder and immersed in a bath of HNO3 
(1M) solution for 60 min. The powder was then cleaned by ethanol to wash out the acid. Finally, the distilled water was 
used to remove the remaining acid and ethanol. After that, the powder was cleaned in acetone and dried. Scanning 
electron microscopy (SEM) analysis indicated that the size of the MgB4 particles are in 10 to 50 nm and more details 
will be publish in elsewhere [10]. In the second step, MgB2 was produced from high purity Mg metal (99.9% purity, 
200 meshes) and amorphous B powder (99% purity, 300 meshes) mixed in the nominal ratio Mg: B= 1: 2.  MgB4 
powders with contents of 0-10wt%were added and thoroughly mixed in a glove box. More details on the processing can 
be found elsewhere [9]. All the samples were in 5h heated to the target sintering temperature 775oC and kept there for 
3h in flowing argon gas.  Finally, the temperature was lowered to room temperature at a cooling rate of 100oC/h.  
   The constituent phases of the samples were identified with a high-resolution automated X-ray powder diffractometer 
(RINT2200), using Cu-KĮ radiation generated at 40 kV and 40 mA. Small specimens with dimensions of 1.5×1.5×0.5 
mm3 were cut from the bulk MgB2 pellets and subjected to the measurements of the critical temperature (Tc) and 
magnetization hysteresis loops (M-H loops) in magnetic fields ranging from –1 to +5 T at 25 K, using a SQUID 
magnetometer (Quantum Design, model MPMS5). The magnetic Jc values were estimated based on the extended Bean 
critical state model using the relation 
                                             Jc = 2 Δm/[a2d (b-a/3)]    (1) 
 
where d is the sample thickness, a, b are cross sectional dimensions, b ≥ a, and Δm is the difference of magnetic 
moments during increasing and decreasing field processes in the M-H loop [11].  
 
3. Results and discussion 
     Figure 1 presents the x-ray diffraction patterns of the MgB4 powder before (bottom) and after (top) the acid leaching. 
For the as-prepared MgB4 sample, the x-ray diffraction data indicate that most of the peaks can be indexed to the MgB4 
along with several peaks of MgO (see Fig.1, bottom). After the acid leaching, the intensity of the MgO peaks  should  
 
Fig. 1. X-ray diffraction patterns of MgB4 powders before (bottom) and after acid leaching (top). 
vanish (see Fig.1, top). The results imply that a high purity MgB4 can be produced by the sintering process. Note that 
the MgB4 powder obtained in the present method is of quite good quality, better than in the earlier reports [7].  
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     Figure 2 shows X-ray diffraction patterns for the MgB2 samples with 0, 2, 5 and 10wt% of MgB4, sintered for 3h at 
775oC in argon atmosphere.   All samples consist of the main phase of MgB2.   In the case of 2 wt% MgB4 addition, we 
could not detect any peaks of the MgB4 phase.    However, a small MgB4 peak appeared in the sample with 5 wt% and 
increased with increasing amount of MgB4 in the MgB2 matrix.   It is clear that a small quantity of MgB4 in the MgB2 
material has no significant effect, especially in the samples sintered at lower temperatures.  
 
FIG. 2. X-ray diffraction (XRD) patterns of MgB2 samples with 0wt%, 2wt%, 5wt% and 10wt% of MgB4, sintered for 3 hours at 775 oC in argon 
atmosphere. 
   Figure 3 shows the superconducting performances of the bulk MgB2 materials with varying contents of MgB4 sintered 
for 3h at 775oC in argon atmosphere. All samples were measured in zero-field-cooled (ZFC) mode in magnetic field of 
1 mT. The samples exhibited a sharp superconducting transition with a high onset Tc close to 38.2 K. The transition 
width ǻTc and the transition temperature slightly decreased from 38.2 K in a pure sample to 37.85 K in the sample with 
10 wt% of MgB4.   In our previous work we measured the superconducting performance of MgB2 samples sintered at 
various temperatures and found similar superconducting transitions [9]. The results presented above demonstrate that a 
small quantity of MgB4 does not decay the superconducting nature of the MgB2 material. We systematically studied the 
superconducting performance and critical current density of the bulk MgB2 material with MgB4 addition at 25K. We 
measured M-H loops at 20 and 25K and calculated the critical current density using the Beans critical state model.  
 
MgB4
 
FIG.3. Normalized magnetizaton curves as a function of temperature for the MgB2 samples with 0wt%, 2wt%, 5wt% and 10wt% of MgB4, sintered 
for 3 hours at 775 oC in argon atmosphere. 
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   Figure 4 displays the critical current performance of the MgB2 material with 0, 2 ,5 and 10wt% of MgB4 at 25 K. It is 
evident that the critical current density at low as well as high magnetic fields was dramatically improved in the sample 
with 2 wt% of MgB4 as compared to the pure MgB2 material. The sample with 2 wt% MgB4 showed the remnant Jc 
value around 220 kA/cm2 and Jc at 0.4 Tesla reached 172 kA/cm2. With further increase of the MgB4 content to 5 wt% 
the critical current density already decreased. The sample with 10 wt% of MgB4 showed the remnant Jc value close to 
183 kA/cm2. At 20K the sample with 2 wt% of MgB4 reached the critical current density around 300 kA/cm2 and 260 
kA/cm2 at self field and 0.4T, respectively (see inset of Fig. 4). Normally, the MgB4 phase appears in the samples 
sintered around 950 oC, due to Mg evaporation. At higher sintering temperatures boron-rich parts can appear in the 
sample volume. In the present experiment we planned to produce the samples at 775 oC, which is essential for MgB4 to 
act as a pinning medium, without reacting with MgB2 matrix. To verify the improved flux pinning in the MgB2 material 
added by MgB4, micro-structural experiments are necessary. This study is under the way. 
 
 
FIG.4. Critical current performance of the MgB2 material with 0wt%, 2wt%, 5wt% and 10wt% of MgB4 at 25 K. All samples were sintered for 3 
hours at 775 oC in argon atmosphere. Inset shows the critical current performance of the MgB2 material with 0wt% and 2wt% of MgB4 at 20 K 
4. Summary 
In summary, we fabricated bulk polycrystalline MgB2 material via solid state reaction method with addition of  MgB4 0, 
2, 5, 10wt% at 775oC in pure argon atmosphere.   X-ray diffraction and magnetization results indicated that less than 5 
wt% of MgB4 was optimum to obtain a single phase material with high critical current density. The best sample 
exhibited Jc value of 300 kA/cm2 at 20 K in self field.   Further improvement in the superconducting properties of the 
MgB2 added with MgB4 will be possible via a better control of the composition and processing parameters. 
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